ii Page 3 of 20 :. ..: ,, Tables   Table 1,  Table 2 Removal of strontium from the complexant-containing wastes (AN-102 and AN-107) had previously been acceptably accomplished by isotopic dilution. Aetinide removal using ftic eo-precipitatio~however, was very problematic from both a processing and a decontamination standpoint. Therefore, a series of tests were performed to identi& other potential actinide removal agents and to test these agents at various concentrations. The results of this work provide the following conclusions. Addition of sodium permanganate to an AN-107 simuhmt produced a filterable precipitate in the presence of the strontium isotopic dilution precipitate. Actinide decontamination factors ean approach design requirements at high permanganate concentrations. A synergism exists between additions of calcium nitrate and sodium permanganate to dramatically increase the strontium and actinide decontamination factors without adversely affecting filterability of the precipitates. The kinetics of the actinide and strontium removal of the perrnanganate deeonta.rnination process is rapid at moderate temperature (50 'C). ,
List of
The relative amounts of precipitating agents and the required decontamination facto= may indicate little or no calcium will be requira thus, mhimizhg cold chemical loading in the glass.
Introduction
Strontium and the actinide elements U, Pu and Am are present in the High Level Liquid Waste in the Hanford tanks AN-102 and AN-107 due to the presence of eomplexing agents used in the processes within B Plant.l The proposed BNFL removal processes for strontium and transuranic components horn the AN-102 and AFL107 supernate are coprecipitation methods. In Part A, tests were performed to decontaminate real waste samples using natural strontium nitrate in an isotopic dilution and ftic nitrate to coprecipitate the actinides. SRTC has performed testing of alternative technologies for the removal of tmnsmmium elements from the chekmt-containing wastes. The basis for the work was predominately of 0rth.7 The decontamination agents used in these experiments were mixtures of ferric/ferrous, nickel (II), cobalt (H), cobalt (III), lanthanum,8 and uranyl ion.
Additionally, the application of freshly prepared manganese oxide tiaces has been shown to selectively adsorb lanthanides,l 1actinides,12 and other radionuclides.13s14The manganese dioxide produced by the reduction of yanganatehas also been shown to adsorb organic molecuks from aqueous solution. 1 This adsorption prope@ could potentially be used in the decontamination of the chelant-containing wastes at Hax@ord. Of further interest is the synergistic effkct of calcium on the adsorption of organic materiaI on manganese dioxide in wastewater clarification processes.lG Therefore, a series of experiments were conducted to examine these effects on transuranium decontamination of an AN-107 waste simulant.
Experimental
Approximately 50 mL of the sirm.dant (Appendix 1) was placed into a 200-mL beaker or 125-mL serum vial. The simuhmt had been adjusted to the hydroxide and aluminum concentration specified in Table 1 . The solution was stirred with a magnetic stirrer and then heated to the required temperature in a water bath on a heater/stirrer plate. An aliquot of the precipitating agent was added. The precipitate slurry was stirred for M q minutes at temperature prior to the addition of the second precipitating agent #Uler the second additio~the slumy was stirred for 15 minutes, heated for a specified time in either the water bath or in a temperature-cmtrolled oven. The samples were allowed to cool to room. temperature and filtered through a 0.45 -mi~on filter: The filtrate was collected for 1 minute and weighed or volumetrically measured. A&r the samples had cooled the remaining slurry was filtered. Samples were submitted to the Analytical Development Section of SRTC for analyses.1' The analyses included liquid scintillation analysis for strontium-901 8and alpha pulse height analysis.lg
In performing the plutonium analyses, the samples were subjected to a thenoyltrifluoroacetone (TTA) separation. An aliquot of the sample was initially spiked with a Pu-238 tracer. All of the plutonium in the sample was reduce~an anion completing agent (aluminum nitrate) was then added. The plutonium in the sample was then oxidi~d to a +4 oxidation state. The plutonium (IV) was then extracted fkom the Page 7 of 20 matrix using a TTA solution. The TTA layer was mounted in a counting dish and analyzed by alpha spectroscopy. A blank sample was run with the batch of samples. 
'c
The analysis results for the Pu-239 alpha peak were yielded using the Pu-238 recoveries from the Pu-238 tracer solution. As the Pu-239 spike solution used was a sample of weapons grade plutonium, a correction was required for the Pu-238 activity inherent to the weapons grade material. A sample of the stock weapons grade plutonium was analyzed for a Pu-239/240 to Pu-238 ratio. This ratio was used to correct the separation yields.
Results and Discussion
Addition Fem"c and Ferrous
,

Precipitation Studies
The results from the statistically designed experiments showed filterability and decontamination for the strontium nitrate/ftic nitrate to be too iow for practical use. The BNFL Inc. basis of design for the filtration process assumes a filter flux rate of 21 gprdf? can be achieved using 0.1 pm sintered metal filter elements. The use of other iron precipitating agents may prove more usefid. Therefore, a series of tests were conducted to determine if mixed valence precipitates of iron were conducive to use in the Sr/TRU removal step. Additionally, oxalic acid and lanthanum nitrate reagents were examined as possible replacement of the ftic nitrate. In these studies, the fwus was actinide remov~, therefore, no strontium isotopic dilution was performed. 
Eflect of other Tramition Metal Agents and Calcium
The ethylenediaminetetraacetic acid (EDTA) completing agent is well lmown in the inorganic literature to bind to many different transition metals such as Ca (II), Fe (II), Ni (II) and Co(III). If the actinide is complexed by EDTA these metals could potentially be effective decontamination agents. Therefore, metals having highaffin.ity for EDTA may remove the actinides from solution by substitution. A series of tests were performed to measure actinide and strontium DFs for a variety of agents. The filterability of the resultant precipitates was also measured. These tests used a strontium nitrate addition to aid the Sr-85 decontamination. espectively. The addition of 0.2 M calcium nitrate to the solution along with the strontium isotopic dilution gave acceptable DF for Sr ( 170) but unacceptable DF fbr Am (3) and Pu (2.7). However, the combination of calcium and permanganate along with the strontium dilution exhibited a very large DF for each species. This symergism between C% Sr and MnO~gave DFs of 470 for Sr, 550 for Am and 690 for Pu. A subsequent t&t at one tenth the a~dition level for calcium (0.004 M) and permanganate (0.01 M) showed greater than an order of magnitude reduction in the actinide DF. These results along with the good filterability data suggest the addition of calcium and permanganate along with , the strontium isotopic dilution could be a potential replacement for the strontium and ferric nitrate flowsheet for treating the complex concentrate waste (AN-102 and AN-107 tanks).
Additional CalciunuPermanganate Tests
The results of the initial tests on calcium and permanganate addition for actinide removal and strontium addition for isotopic dilution for strontium removal were very encouraging. Therefore, additional tests were conducted at two calcium levels (0.0375 M and 0.02 M) along with three permanganate levels (0.02~0.04~and 0.06 M) to examine filterability and decontamination levels in order to begin to optimize the minimum cold chemical feed. The results of the filtration data are shown in Figure 6 . The filtrate volumes obtained after one minute through a 0.45 micron filter are the highest obtained during the Sr/I'RU precipitation testing. The volumes were very near 30 mL or approximately 60 0/0 of the liquid that was clarified in one minute. Figure 7 contains the decontamination data for the addition calcium and permanganate tests. The tests were conducted at the high calcium level (0.0375 M) exhibit sufficient DF for all of the species (Sr, Am, and Pu). There is a direct relationship between the DF observed for each species with increasing permanganate. Increasing ihe permanganate concentration to 0.06 M raised the americium DF to -240 and the plutonium DF to -60. The strontium DF increased with increasing permanganate concentratio~however. the effect was not as large. At the lower calcium level (0.02 M), the same effects are observed Actinide DFs increase with increasing permanganate concentration. Acceptable DFs for each species were obtained at mid permanganate concentration (0.02 M Ca and 0.04 M MnOd-). Shown in Figure 8 is a statistical fit of the of the in (DF) for americium as a fimction of perrnanganate concentration. Using this equatio~the permanganate concentration needed to obtained the required americium DF (5) would be 0.022 M sodium permanganate at the 0.02 M calcium concentration. Table 2 . With the exception of the plutonium ratio at the very, high permanganate level (0.06 M), reducing the calcium level by 2 reduced the actinide DF by -2.
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Rate of Actinide Removal in CalciurnASodium Permanganate Decontamination
The rate of removal of the actinides is important to understand to support engineering and design of the plant. All of tie pervious tests were conducted for 4 hours with sampling only at the end of the experiment. Therefore, a kinetic study was performed using the 5.5 M sodium AN-107 simulant. The level of strontium, calcium and permanganate additions was 0.075 M, 0.0375 M and 0.04 Iv$ respectively. The temperature was 50 "C.
Shown in Figure 9 are the Sr-85 and Am-241 concentrations in the liquid phase plotted as a fiction of time. There is a very rapid drop in the radionuclide concentration in the .. Page 14 of20 first 0.5 hours. A slower, steady reduction in the radionuclide concentration is then observed for the remainder of the test. There is no visible evidence of permanganate existing after addition. It appears as though the permanganate reacts and the freshly produced solids continue to absorb the radionuclides. The adsorption is very linear as can be seen in Figure 10 . An additional order of magnitude of the DF is obtained for each additional hour at 50 'C. This behavior is typical of an adsorption process. "Serrano and Garcial 1had experimentally measuredCe-141 Freundlich adsorption isothexms. The Sr-85 and Am-241 behavior is probably very similar. 
Sr/TRU Precipitation
Page 15of20 i
Conclusions
Removal of strontium from the complexant-containing waste (AN-102 and AN-107) had previously been acceptably accomplished by isotopic dilution. Actinide removal "&ng ferric co-precipitatio~however, was very problematic from both a processing and a decontamination standpoint. Various other transition metals were examined for replacement of the ferric hydroxide precipitation.
This work has identified and tested a sodium permangimate reaction that produces a precipitate that is readily filterable and provides sufficient decimtamination of the actinides from an AN-107 simuhmt at a modest operating temperature (50 "C). Additionally, the work has identified a positive synergist effect of adding calcium nitrate prior to the addition of sodium permanganate. This synergism can increase both the actinide DF and strontium DF. optimization of this process could potentially lead to a reduced cold chemical feed while meeting decontamination requirements and within the flowsheet time restraints.
The following recommendations arise from tie results of this work s Testing with actual tank waste samples should be conducted to ver@ observations/test results with simulated waste solutions. = Effects on glass composition should be evaluated for this precipitation process. ' BNFL Inc. must store the Sr/TRU precipitate for a period of time before blending with the high level waste sludge. Therefore, the long-term stability of the SIVTRU precipitate should be evaluated. 
